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A HEURISTIC METHOD OF OPTIMAL GENERALIZED
HYPERCUBE ENCODING FOR PICTORIAL DATABASES

INTRODUCTION

In similarity[ retrieval from a pictorial database [1], pattern recognition [2,4], and
clustering analysis, it is often desired to find the set of database records (or set of patterns,
n-dimensional feature vectors, etc.) that are most similar to a test record (or test pattern,
test feature vector, etc.). In the case of large databases (or patterns, clusters), it is very
useful to encode the original database into certain convenient format in order to facilitate
similarity retrieval and updating.

In this report, we shall consider one such technique called “Generalized Hypercube”

encoding [3] and describe a heuristic method of generating minimum number of GH
encoded tuples.

GENERALIZED HYPERCUBE ENCODING
Given a set of points S = { P1sPgs -+ - Py } in n-dimensional space, where p; =

(x4, Xy, . . ., X ) denotes a point in S, we can have a family of n-dimensional GH codes.
For eachm, 1 <m < n + 1, the GH,;, codes are:

(Xqs - Xm-158ms -« 805 Py e b,),

where (Xl’ b S SR zn) is in S for some coordinates,z_,...,2,; and
a; = min {y.: for some coordinates, z,, (Xl’ RS TR VTRRETS AN z,)inS } ,
bj = max { ¥y for some coordinates, zZy, (xl, S SN TE NTRRES PR zn) in S} .

When m = 1, we are simply using the smallest n-dimensional hypercube containing S
as the GH code. When m = n+1, the original point set S is used as the GH code. Other in-
between values of m give GH codes of various levels of details.

For example, if point set S = {(1,1,3),(1,1,5),(1,2,1),(1,2,4),(2,3,6) } , GHq is
{(1,1,1;2,3,6) } . GH, is {(1:1,1;2,5),(2;3,6;3,6) } . GHj is {(1,1;3;5),(1,2;1;4),(2,3:6;6) ).
GH, is S itself. It should be noted that other GH codes can be generated, if we permute the
coordinates. The previous example we have {(3;1,1;1 ,1),(5:1,1;,1,1), (1;1,2;1,2),
(6;2,3;2,3)} .

Therefore, it is important to select carefully the coordinates on which the GH encoding
technique can be applied, i.e. to generate a minimum number of GH encoded tuples the
problem reduces to select a special “handle” set. It is easy to see that once a handle vector
has been selected, the GH encoding is unique.

Manuscript submitted November 5, 1979.
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In this report we shall describe the following heuristic methods for problems:

® Select a handle set {il, ig, ... im-l} from {1,2,... n } so that the least number
of GH encoded tuples are generated.

® Suppose we define the density of a hypercube H as the number of data points in H,
divided by total number of lattice integers.). For example the hypercube (1,1,1;2,3,6)
previously described has a density of 5/2-3+6 = 0.1388. Intuitively, we would like to
generate hypercubes having high densities. Therefore Problem 2 can be stated as follows:

Given a threshold density t, 0 <t < 1.0, find optimal GH encoding such that each
hypercube has density no less than t.

PROBLEM 1

Given m, the method of choosing m-1 handles which will generate optimal GHm codes
for a point set S is based on the following ideas:

® For each handle (column) i, (i=1,2, ..., n) consider vector V; = (X, Xg;5 - - xki)
where k is the number of points in the set S. Among the elements x,,, x;,, . . ., X;; those
having the same value are grouped together and their associated points (in S) will consist
of disjoint groups, say, G;;, Gg;, - - - G, ;. Define the count (or cardinality) of Gji = Cj(i).
We next compute a measure of the priority of the ith column p;.

9
o p,= P ICH)-1]2.
j=1

Intuitively, we ignore those groups having only one element and put heavier weight to
those groups having more than one element. Obviously, there are many other ways to define
a priority measurement for each handle.

® Based on the measure P, (i=1,2,.. ., n) choose the best m-1 handles, i.e., i’s which
have larger values of P;.

Following is the algorithm to implement the above ideas:

ALGORITHM
Step 1.
To conpute P;, consider vector V, = (X, Xg;5 - - xki)’

a. Make a stack of all k elements of Vi‘
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b. Set a test element, TELMNT = top element of stack and set COUNT = 1.

c. Replace the top element of the stack by the last element and, set k = k-1; if k <1,
go to substep e.

d. Restack the k elements to check that the top element = TELMNT.
® If it does, COUNT = COUNT + 1; then go to substep c.
® If it does not, then

{ If COUNT > 1, then P = P + COUNT * COUNT and COUNT = 1. TELMNT =
top element of the stack go to substep c } .

e. Include the last group’s population count in P,

If COUNT > 1, then P, = P, + COUNT * COUNT.

Step 2.
Using STEP 1, compute all P,’s fori=1, 2, . . ., n.-Store handle numbers in an array,
such as [c(i) =1,i=1,...,n].

Step 3.

Sort array P in descending order, and while moving the elements of P during sort, move
elements of ¢ also in the same fashion.

For generating GH__ codes, choose handles in the first (in - 1} positions of array c,
which correspond to the best (m - 1) valuesof P;,i=1,2,.. ., n

Once the set of handles has been selected, the GH encoding is unique.

For example, let point set S = {(3,1,1), (5,1,1), (1,1,2), (4,1,2), (6,2,3) } . Using the
previous algorithm, the measure of priority, P; fori=1,2,3 are: P, =0, P, =16, P, = 8.
Based on the best values of P;, we choose handle set (x4,X5,X;) and with respect to this set
of handles (GH, ) is {(1,1,1,2,36)} .G H, i is {(1;1,1;2,5), (2;3,6;6) } . GH, is {(1,1;3;5),
(1,2;1;4), (2,3:6:6) } . GH, is {(113) (115) (121) (1,2,4), (236)}

EXPERIMENTAL RESULTS

The previous algorithm was implemented on an IBM/370 in FORTRAN; a listing of the
program is given in Appendix A. The data for the program were random numbers with
normal distribution and standard deviation, a number for each column vector V, was also a
random number with uniform distribution.

AITITSSVIAND
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The selected set of handles by the previous method was used to generate GH_| encoded
tuples, and their number was counted for a different number of point set and dimensions
of space. To find the optimal GH_ encoding, great effort was taken, and the GH_ codes
with minimum number of GH_ tuples was taken as the optimal GH_ encoding. ?éee Tables
1, 2,and 3.)

Few other heuristic approaches were tested to select the proper set of handles to
generate optimal GH encoding, but the previous method has shown the best results and will
be used in the next optimization problem.

PROBLEM 2
From the experimental results we know that the smaller the value of m (length of

handles) the smaller the number of GH | encoded tuples for a point set S, but at the same
time such hypercubes tend to be sparse. Therefore, to optimize GH codes for a given

Table 1 — The number of optimal GH, , encoded tuples

No. of GH, GHg
| o | & | I
10 8 8 0.0 10 10 0.0
20 15 15 0.0 20 20 0.0
30 22 22 0.0 30 30 0.0
40 12 12 0.0 33 33 0.0
50 34 34 0.0 50 50 0.0
60 16 16 0.0 56 55 1.02
70 24 24 0.0 68 68 0.0
80 30 30 0.0 75 75 0.0
90 27 27 0.0 88 87 1.16
100 20 20 0.0 86 86 0.0

Dimension N = 3
H = heuristic
O = optimum
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Table 2 — The number of optimal GH_, encoded tuples
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No. of GH, GH, GH,

e [ [ o [ [ n [ o [Ty [ n | o [
10 8 8 0.0 10 10 0.0 10 10 0.0
20 16 16 0.0 20 20 0.0 20 20 0.0
30 10 10 0.0 20 | 28 3.57 30 30 0.0
40 21 21 0.0 40 39 2.56 40 40 0.0
50 16 16 0.0 44 44 0.0 50 50 0.0
60 25 25 0.0 59 59 0.0 60 60 0.0
70 28 28 0.0 68 68 0.0 70 70 0.0
80 21 21 0.0 74 71 4.23 80 80 0.0
90 18 18 0.0 75 75 0.0 90 90 0.0
100 22 22 0.0 93 93 0.0 100 | 100 0.0

Dimension N = 4
H = heuristic
O = optimum
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Table 3 — The number of optimal GH  encoded tuples

No. of GH, GH, GH, GH,

e[ o [ o [ o [& v [ [
10 8 8 00 | 10| 10 | 0.0 10 | 10} 0.0 10| 10| 0.0
20 13 | 13 00 | 20| 19 | 526 | 20 | 20| 0.0 20| 20| 0.0
30 10 { 10 | 0.0 | 29| 29 | 0.0 30| 30| 0.0 301 30| 0.0
40 16 | 16 | 00 | 38| 38 | 0.0 40 | 40 0.0 40 | 40| 0.0
50 21 | 21 00 | 49| 49 | 0.0 50 | 50| 0.0 50 | 50| 0.0
60 18 | 18 00 | 55| 55 | 0.0 59 | 59| 0.0 60 | 60| 0.0
70 18 | 18 00 | 64| 63| 158 | 70| 70| 0.0 70 | 70{ 0.0
80 21 | 21 00 | 75| 75| 0.0 80| 79126 | 80| 80 0.0
90 26 | 26 00 | 84 | 84| 0.0 90| 90 0.0 90| 90| 0.0
100 22 | 22 0.0 | 96| 92 | 4.35 |100 |100| 0.0 |100 |100| 0.0

Dimension N =5

H = heuristic
O = optimum

threshold density t, find a set of handles with minimum length m, so that the resultant
hypercubes have densities no less than theshold density, t.

Two special cases can be solved immediately. If t = 0, then we can select m = 1, so that
a single n-dimensional hypercube is generated, and GH; becomes the optimum GH en-

coding. If t = 1.0, then all the hypercubes must have unit density, and we can select

m =n + 1 so that the original point set S becomes the optimum GH encoding. For other
values of t, m should fall between 1 and n + 1.
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ALGORITHM

The algorithm optimize GH encoding for a given threshold density.
Step 1.

Start with m = 1;

generate GH, codes, which is one hypercube. If the density of this hypercube is
> = threshold density, then this is the optimum GH encoding, and go to Step 7,

otherwise, set m =m + 1.

Step 2.

By using the previous heuristic method discussed in Problem 1, choose a set of handles
which will generate the optimal GH | encoding for a given m.

Set a flag = 0; and

NUM = 0, where NUM will be the number of GH  encoded tuples with respect to the
chosen handle vector of length m.

Step 3.

a. Generate the next hypercube with respect to the above chosen handle vector and
compute its density.

b. If density of this hypercube = > threshold density, and
if the number of points in this hypercube > 1, then
{ include this hypercube in optimal GH encoding.
NUM = NUM + 1; and
delete the points included in this hypercube from the original point set. }
c. If the density of this hypercube < threshold density, then set the flat = 1
Step 4.
Repeat Step 3 until all the points in point set have been considered once.
Step 5.
If the number of points in remaining point set = 0 then go to Step 7.

If (number of points in point set = 1 or

AITI185Y1aMA
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NUM < = 0 and flag = 0), then go to Step 6.
If (NUM < = 0 and flag = 1), then m = m + 1.
Go to Step 2.
Step 6.

Generate GH _ encoded tuples with respect to the last handle vector of length m.
Each GH,, encoded tuple is included in the optimal GH encoding.

Step 7.
Stop.
As an illustration, if point set S = { (3,1,1),(5,1,1),(1,1,2),(4,1,2),(6,2,3) } and

threshold density = 50% (0.5), then with the previous algorithm, optimal encoding is
attended as {(1;1,2;2,5), (2;3,6;3,6) } and the density of each hypercube is > = 50%.

EXPERIMENTAL RESULTS

The previous algorithm also was implemented on an IBM/370 in FORTRAN. A listing
of the program is given in Appendix B. The test data were again random numbers.

The results are in Tables 4, 5, and 6.

DISCUSSION

In this section, some interesting applications of the generalized GH encoding technique
are discussed.

Reference 1 suggests that a relational file R can be characterized by a logical ex-
pression E, so that every n-tuple (x;,%,,. . ., X, ) in R satisfies this logical expression.

The generalized GH encoding technique can be used to find a suitable logical ex-
pression characterizing a relational file.

For example, if S is as given in the Generalized Hypercube Encoding section of this
report and m = 1, then GH, = { (1,1,1;2,3,6)} and the corresponding logical expression is
1<=x2)&(1<=%,) & (1 <=%x3) & (x; <=2) & (x4 <=3) & (x5 <=6);

when m = 2, then GH, = {(1:1,1;2,5),(2;3,6;3,6) } and the corresponding logical
expressionis (x; =1) & (1 <=x,) & (1 <=x3) & (x4 <=5)) V((x; =2) & (x4 = 3)
& (x5 = 6)), thus, each GH encoding corresponds to a logical characteristic expression for
the relational file.



Table 4 — The number of optimal GH encoded tuples
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M) t=10 | t=20 | t=30 | t=40 | t=50 [ t=60 | t=70 | t=80 | t=90
10 6 7 7 7 9 9 10 10 10
20 11 14 18 18 18 18 18 18 18
30 9 23 24 24 24 26 28 28 28
40 18 36 36 36 36 37 38 38 38
50 23 36 39 40 42 48 50 50 50
60 12 43 43 48 53 b5 58 58 58
70 21 40 46 46 49 52 64 64 64
80 1 52 53 54 57 57 60 60 60
90 1 45 50 52 56 77 80 84 84

100 1 40 52 58 60 81 82 91 91

M = number of points in point set

t = percent threshold density
Dimension N = 3

AITITSSVIOND
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Table 5 — The number of optimal GH encoded tuples

M) t=10 | t=20 t=30 t=40 t=50 t=60 t=70 t=80 t=90
10 7 7 9 9 9 9 10 10 10
20 14 17 17 18 18 18 18 18 18
30 25 28 28 29 29 29 29 29 29
40 32 36 39 39 39 39 39 39 39
50 38 45 46 49 50 50 50 50 50
60 46 52 56 57 57 57 59 59 59
70 42 57 60 68 68 68 70 70 70
80 456 72 71 78 79 79 79 79 79
90 58 72 78 79 82 87 88 88 88

100 66 78 81 90 91 92 92 93 93

M = number of points in point set
t = percent threshold density
Dimension N = 4

10
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Table 6 — The number of optimal GH encoded tuples

(M) t=10 | t=20 t=80 | t=40 | t=50 | t=60 | t=70 t=80 t=90
10 10 10 10 10 10 10 10 10 10
20 20 20 20 20 20 20 20 20 20
30 28 29 30 30 30 30 30 30 30
40 40 40 40 40 40 40 40 40 40
50 47 50 50 50 50 50 50 50 50
60 57 58 58 58 58 59 59 59 59
70 68 68 69 69 69 70 70 70 70
80 76 77 77 71 77 79 79 79 79
90 79 86 87 87 88 89 90 90 90

100 95 100 100 100 100 100 100 100 100

M = number of points in point
t = percent threshold density
Dimension N =5

In addition to applications in database characterization, the previously described
technique also can be applied in clustering analysis where clusters are described by hy-
percubes with handles. Thus optimization technique will generate optimal encoding for the
clusters.

A third application can be the description of n-dimensional pictures, which will have
a practical significance in computer graphics and image processing applications.
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APPENDIX A

//7JUNK J08

1.

2 /EJORPARM T=(B8,0)L=2,R=256

3. /7 EXEC FORTIGCLG

4 . //FORT ,SYSIN DD *

Se cceeccecececece

6. ¢

7. MATN PRIGRAM TO GENFRATE OPTIMAL GHM ENCODING FCP a4 POINTSET BY
&, C A& HEURISTIC METHOD & YO CHECK THF RESULTS, NUMRBER NF THESE GHM
= C FENCIOOED TUDLES IS COMPARED KITH THE MINIMUM (REAL OPTIMUN) NO.
10 C OF GHM ENCODED TUPLES FOUND IN EXHUASTIVE APPROACH.

11. C

12, C CAL_S:

13, C (1) GENPTS: TO GENERATE TEST DATA [ .E, A POINT SFT,

14, c (2) HEFURIS: TO GENFRAYE OPTIMAL GHM ENCODED TUPLES BY A
15. C HEURISTYIC METHOD.

16, C (3) EXHAUS: TO GENERATE OPTIMAL GHM ENCODING RY EXHAUSTIVE
17. C ADPROACH.,.

18. C

19, ceceecececcce
20, INTEGER PTYSET(110:6),P{6)NCODE(S,3)
21 IFL=1

22, Nz 6
23. M = 50
24, CALL GENPTS(PTSET,M,N)

25, IS(IFL +EQes 1) GO 7O 440
26 PRINT 1
27, \ SORMAT (*1°® 410X, 'INITIAIL POINT SET [St?)
28, 23 100 I = 1.M™
29, PRINT 2 +(PTSET(IsJVed=1,N)

30. 100 CONTINUE
3t. 2 FORMAT(*0* 10X 4% (?+ST3,%')")

32. PRINT 3

3. 3 FIRMAT(//77.100( %))

3. PRINT 4
35. [ SORMAT (/7 /425X« "HEURISTIC APPROACH')
36, PRINT 5
37. s FORMAT( 26X ) '~ mmm— e mc e )

38, PRINT 6 .

39. 6 FIRMAT(//,100("%"))
40, 440 CALL HEUPIS(PTSET+MyNJNCODE, IFL)
Gl IT{IFL +EQ. 1) GO TO 442
42 . DRINT 11

43, Tt FORMAT(//7+100(*%1))
a4, DIINT 12

45, t2 FORMAT {(// «21X, "EXHAUSTIC APPROACH')
A6, PRINT 13
47. 13 FORMAT(21X, 'emcmmccne cmeeceee ')
4R, DRINT 14
49, 14 SIRMAT(//.100( %)
50. 442 CALL EXHAUS(PTSETMsNNCODE,IFL)

Ste N1 = N-=1
52 DRINT 20.M

53, 20 FURMAT (// 410X, *NDO. NF POINTS IS = *, 14)

Sa, SRINT 22N
55. 22 FIRMAT (10X, 'MDe OF DIMENSINS = ', 13)
56 PRINT 15
57 15 TIRMAT (//420Xe *HEURISTIC!' 4 1OXo*DOPTIMUM?® BX 4 "WORST! 48X, *%EQR ")
58. 20 200 T = 1.N1

sa, ZRR = (NCDDE(I.1) — NCCDE(T,2))*{00./NCODE(I,2)
60 . 200 PAINT 16¢ 1 (NCODE(YsJ)sd= 1,43)ERR

13
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16 SIRMAT (10! lOXo*GH' 4 12,3(10Xe184),F1643)
IF{IFL +FQe¢ 1) PRINT 66€
€6 FORMAY(//4100(*a"))
500 CONTINUE
600 CONTI NUE
STOP
END
gCCCCCCCC
C RANDDM(X )2 GENERATES A RANDOM NUMBER X o+ 0<= X <=1,0 WITH
C UNIFORM DISTRIBUTION,
Cc
(Sl ol of of ol of of of
SUBROUTINE RANDOM(X)
REAL X

INTEGER A/19Q727/, MULT/25211/+ BASE/32768/
A = MID(MULT*A,BASE}
X = FLOAT(A)/FLOAT(BASE)

RETURN

END
cccecececceecec
C
C GENDTS(2YSET«MyN) - TO GENERATE TESYT DATA SET IN ARRAY PTSET,
C wHICH CONTAINS M NUMBER OF POINTS IN N DIMENSIONAL SPACE,
C CALLSS
C (1) FAO34: A LIBRARY SUBROUTINE TO GENERATE RANDOM NUMBERS OF
C NORMAL DISTRIBUTION WITH A GIVEN STANDARD
C DEVIATION,
C (2) RANDOM: TO GET ANOTHFR RANDOM NUMBER TO PE USED AS FIX
C STANDARD DEVIAYION FOR ONE COLUMN,
C
[dddadaaqds

SUBROJTINE GENPTS(PTSETe M.N)
INTEGER PYSET(110.6)
D3 100 J = 1+ N

CALL RANDCM(UY

STD = 19,0*%U + 3

D) 100 1 = 1, M
CAL_ FAO3A(STD,X?
PTSFY(I,J) = INT(X + .5)

100 CONTIGUE
PETUR

END
cccececececece

C PROCES(2TSET+PVM,NII~ COMPUTES THE MEASURE OF PRIORITY P(1)
C FOR EACH CNLUMN I WHERE 1 = lssessN FOR A GIVEN PDINT SET
C IN ARRAY PTSEY CONTAINING M PODINTS IN N DIMENSIONAL SPACE.
C CALLS?:
C (1) HPODER: TO COMPUTE P(I) FOR ONE PARTYICULAR VALUE OF 1,
C
[dddodddadae

SUBROUTINE PROCES{PTSET ,PM,N)

INTEGER 2TSET(110+6).TEMPR(110},P(6)

DO 100 1 = 14N

D) 200 J = .M
200 TEMPR(JY = PTSET(J, 1

CALL HPODER(I+TEMPRsM,P)}
100 CONTINUE

RETURN

14
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END
cceeceeecc
C
C HOODER(T,TEMI2,M,P) i~ COMPUTES P(1) FOR A COLUMN VECTOR TEMPR
C AND USES HEAP STRUCTURE.
C CALLS:
C {1) REHEAP: TD MAKE HEAP OF ELEMENTS OF ARRAY TEMPR,
C
cccecceceec

SU3ROUT INE HPODER(TI+TEMPRM.P}
INTEGER TEMPR({1101,P(6)
INTEGER TEMP,ELMENT .PSUM, SUM

ML = M
L = M/2 & 1
to L = L-1

CALL REHEAP({L .Ml ,TEMPR)
IF (. «GTs 1) GOTO 10
ELMENT = 0

PSUM = 0
SUM = 0

20 TEMP = TEMPR(1)
TEMPR{1) = TEMPR(M1)

TF (E_MENT .EQe« TEMP)IGO TO 30
IF(SUM +GTe 1) PSUM = PSUM ¢ SUM % SUM
ELMEINT = TEMP

SUM = 1

GO TDO 40
30 SUM = SuUm + 1
40 Ml = ML - ]

IF{M1 LGT. 0) GO TO SO
IF (SUM +GTe 1} PSUM = PSUM + SUM %SUM
P(1) = PSUM

RETURN

50 CALL REHEAP(1+M1,TEMPR)

GOTH 20

END
cccececeeccece
C
C REHEAP(_,41,TEMPR):~- MAKES HEAP OF ELEMENTS OF TEMPR STARTING
C FROM TEMPR(L) TO TEMPR(MI),
C
[dadddddgaae

SUBRDUTINE REHEAP(L M1 ,TEMPR)
INTEGER YEMPR(110)

INTEGER FLAG o X

11T = L

JJ = 2%11

X = TEMPRI(ITI)

) = 1

R

1
»
o
1

IF {(JSJ +GTe M1 RETURN
40 15(JJ Es M1)Y GOTD 10

.
G
T (TEVMPI(JIJIY oLTe TEMPR(JJI+1DI) JJ =dI¢1
10 IF(X «GE. TEMPP(JJ)) GOTO 20
TEMPR(TI) = TEMPR{JII
11 = JJ
JJ = 2¢11
TEMPRITIY = X
GaT0 30
20 FLAG = O
30 1 (JJ oLEe M1 AND. FLAG +EQe. 1) GOTD 40

15
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RPETURN
END
ccccececce

SORT{P+DO«N1II~ SOITS P ARRAY CONTAINING N ELEMENTS AND DURING
THIS SORT ALSO MOVES THE ELEMENTS OF ARRAY 0O IN THE SAME

FASHION.
cceceeeccec

SUBROUT INE SORT(P.OsN)

INTEGER D(6)4PL6)

INTEGER FLAGs TOP,s TEMP,

FLAG = 1
BOTTOM = N
T2 = 1
o] TF(FLAG oNEs O oAND,
RETURN
o] FLAG = 0
Il = B0TTOM -
D) 100 1 = 1
P{I+1))

00 CONTINUE
3)7T72M = BOTTOM -1
GO 7O 10
END

[ddoddddade

SORTPT (PTSET 40 ,MyN)II~ TO SORT POINTS OF POINTSET IN PTSET W.R.T,

Yop

GO

BOTTOM

+LTe BOTTOM) GO TD 20

TO 100

HAND_E VECTOR YN ARRAY De HEAP SORY 1S USED FOR THIS.

CALLS:

(1) REHIP: TO MAKE HEAP,

) COu>2aR

(2
(3) EXCHAN
C

[ddddddaad

TO COMPARE ORDER OF TWD POINTS.,
TO EXCHANGE POSITIONS OF TWO POINTS IN PTYSET,

SUBRJUTINE SORTPT(PTSET,0.M.N)
INTEGER PTSET(110461,0(6)

ML = M
ML/2 & 1L
) L-1

+GT,1?1 GOTO 10

r~ral

cROaNrrr

o]
M-

1 «GYs 12 GO TO
RN

MO~ ZTN=O1"
ZMMp e p 't

AD 4~1"

cceeece

(g}

REHIZ{L M1 M, N, O, PTSET)
STARTING FROM L 7O
DIMENSIONAL SPACE.

Mll

16

REHIPI{L M1 M,Ny0O,PTSET)

EXCHAN( 1M1 NPTSET)

REHIZ(1+M1 M, Ny D,PTSET)
20

MAKES A& HEAP OF ELEMENTS OF PTSET
PTSEYT CONTAINS M POINTS IN N
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C

[dddddagdaes
SUBROUT INE REHIP(L+MI+sMeN.O,PTSET)
INTEGEZR PTSET(110+6).,0(6)
INTEGFR FLAG X

{ =
J = 2%1
X =

S PYSET(X,LL) = PTSET(T,.LL}
FLAG = 1
IF{J «GT.M1) RETURN
40 IF(JY «GEa M1) GO TO 10
CALL COMPAR(JsJ+1 sNsO.PTSET. ICOMP)
IF (I1C0OMP LLT.0) J = J+1
10 CALL COMPAP(X,+J+NsDsPTSET+ICOMP)
I (1COMP .GE.0) GO YO 20
D) 100 LL = 1N
100 PTSET(1.LLY = PTSET(J.LL)
I = J
J = 2%1
DD 200 LL = 1N
200 PTSET(T,..L) = PTSET(X,LL)}
GO TO 30
20 F_AG = 0
30 1F (J oLEe M1 oANDe FLAG <EQel) GO TO 40
RETURN
END
gCCCCCCCCC

C COMPAR(I ¢ JoNy N PTSET,ICOMP )= COMPARES TWO POINTS I & J WeRaTe
¢ A& HANDLE VECTOR IN D. AND RETURNS IN ICOMP:Z

C 1 IF ITH POINT > JUTH POINT,

C 0 IF TITH POINT = JTH POINT.

C =1 IF ITH POINT = JTH POINT,

C
C

ccecceccececce
SUSRNUTINE COMPAR{I+JeNeOyPTSET, 1COMP)
INTEGER PTSET(110+61,0(6)

11 =1
100 111 = 0(11)
TF (PTSET(1,111) oNF. PTSET(J,I1I1)) GO TO 10
IF (11 +LTe N) GO TO S
1CoOMP = 0O
RETURN
S 1T = [T+l
Gd) TO 100
10 TF(PTSET(I«ITI) oLTs PTSET(JLITITI) 1COMP = =1
IF (PTSET(I1.,1I1)aGT.PTSET(J,I111) ICOMP = 1
RETURN
END
ddddadddds
C
C EXCHAN{ L +JsMPTSET):=SWITCHES THE POSITIONS OF TwO POINTS L &
C J IN ARRAY PTSET WHICH CONTAINS A POINT SET IN N DIMENSIONAL
C SPACE,
C
[dddddaaaae

SU3ROUTINE EXCHAN(I+J«N,PTSET)
INTEGER PTSET(110+.6)

17
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D) 100 IT = 1,.N
ITEMP = PTSET(I.,119
PYSET(I,11) = PTSET(J,I11)
DTSCT(JL11) = ITEMP
100 CONTINUE
RETURN
END
ccceceeccecc
C
C ENCODE (MM, MoeN,OPTSET NUM,IFL):—-GENFERATES GHMM CODES FOR A
C SET PTSET,., CNANTAINING M POINTS IN N DIMENSIONAL SPACE.
C NUM WILL CONTAIN THE NUMBER OF SUCH GHMM ENCODED TUPLES IN 1T.
C IFL 1S A FLAG TO TURN OFF AND ON THE PRINTING OF INTERMEDIATE
C RESULTS.,.
C CALLS:
C (1) MINMAX: TO FIND THE MINIMUM € MAXIMUM ELFMENT [N A
C >ATICULAR COLUMN FOR SOME POINTS CONSIDERED TO BE 1IN
C CURRENT HYPERCUBE .
C
cceceeecccec

200

40

300

400

SUBROUTINE ENCODE(MM M, N, C.PTSET,NUM,IFL)
INTEGERQ 2TSET(110.,6).0(61.CODE(12)

IF{IFL «EQel) GO TO 44

PRINT 1

FIRMAT (//)

PRINT S MM

TORMAT (1 IX,'GH',12,*' CODES AREZ')

1F (MM LEQe 1) GO TO 10

IS(MM L,EQ., N+1) GO TO 20

NUM = 0

)
I1l=1+JJ) +EQe PTSET(I1+JJ)) GO TO 200

G0 TO
CONT INUF
1F (FLAG +EQ. 1) GO TO 40
J o= J + 1
30 T3 100.

DO 300 Jl =
JJ = otJ)

CODE(JI) JPTSET(I.390)
CUNTIMUE

L = Nt

NN = N - NI

DI 430 J1 = MM4N

JJ = 0O(It

CODI (L) = MIN
CODE(L#NNY = MAX
N2 = L

N3 = L & NN

18
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361, [F(IFL +EQ. !} GO TO 85
362. PRINT 11.(CODE(T),T=14N1)
3673, 11 FORMAT (0 10X ("4313)
364, PRINT 12,(CODE{(T1)s]I =MM,N2)
365, 13 FORMATY (' % ,22X+'3'»31)
366, N22 = N2+1
367. DRINT 15,(CODE(T) 1= N22,N3)
368, 15 FOPMAT (*+%*¢ 33Xs'5°',313)
369, PRINT 16
370. 16 FORMAT ('¢*, 44X,')")
371. &8s 1 = I
372. J = 11
373, NUM = NUM + |
374, 100 CONTINUE
375. RETURN
376, 10 DO 111 I = 1N
377, JJ = 0O(1)
378. CaA_L MINMAX{PTSETsMeJIel s MeMIN,MAX)
379, CODE(1I) = MIN
380, CODZ(T#N) = MAX
381. 111 CONTINUE
3R2. IF{IFL +EQ. 1) RETURN
3a3. 2RINT 8,(CODE(CIN.I=1.,N)
384, 8 FORMAT('0",10Xs*('9413)
3RS, NN = N + 1
385. N2 = 2%N
387, PRINT QO0,(CNDELTI).I=NN,yN2)
388, Qo0 SORMAT("® 1, 24X,»' ',413)
389, PRINT 93
390, Q3 FORMAT('+¢, 38X.*' )')
N1, RETURN
2. 20 DN 222 1 = 1 + M
943 DO 220 J = 1 + N
394, JJ = 0(I)
39S, 220 CODS(JY = PTSET(1.J0)
396, IF (IFL .FQO, 1) GD 7O 222
397. PRINT 22.(CODE(J)sJ = 1 4N)
398, 22 FOPUAT(*0",10Xs*({'sa13)
399, PRINT 23
400. 23 FORMAT( '+, 24X,* V')
401, 222 CONTINUE
402, RETUIN
403. END
404, ccceececececc
495 e C
406, C MINMAX(PTSET sMe ICOLs T+ JeMIN,MAX)I- TO FIND THE MINIMUM ¢
407, C MaXIVMUM ELEMENTS NDF COLUMN iCGL,STARTING FORM I TO 4 1IN aARRAY
408, C PTSET.,.
409, C
410, [ddddadadas
411, SUBRROUTINE MINMAX(PTSETsMy ICOL o1 s J s MINJMAX)
412 INTEGER PTSET(110,6)
41 3. MIN = PTSET(I,ICOL)
414, MAX = PTSETI(1,I1COL)
415, 23 100 11 = I,J
415, 1= (PTSET(I1,ICOLY LT, MINY? MIN = PYSET(TI.I1COL)
417, 15 (PTSET(II.ICOL) ,GT. MAX) MAX = PTSET(II.ICOL)
418. 100 CONYINUE
419. RE TURN
420, END

19
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gCCCCCCCCC

C HEURIS(PTSET+MyNsNCODESIFL)Y - TO STORE THE NUMBER OF GHI ENCODED
C TUP_ES FOR I=1s2seeeeN+1 IN ARRAY NCODE., THE SET 0OF HANDLES
C IS THODSEN BY HEYRISTIC METHOD.

C caLLs:

C (1) PROCES: TO COMPUTE THE MEASURE OF PRIORITY P(1) FOR EACH
C COLUMN T.

C (2) SORT: TO GET THE PROPER SET OF HANDLES CORRESPONDING TO
C T3 BEST VALUES 0OF THEIR PRICRITY P(1).

C (3) SDORYPT: TO SORT POINT SET PTSET WeReTe CHOUOSEN SET OF

C <4 ANDLES,

C (4) ENCODE: TO GENERATE GH ENCODED TUPLES.

C

[ddddddda e

SUBRIAIUTINE HEURIS(PTSET+M.N.NCODE,.,IFL)
INTEGER PTSET(11046),0(6)1,P[6)+NCODE(5,3)
CALL PROCES{PTSET+P+MyN?

PRINT 1

1 FORMAT (/77 11X,'PRINTOUYT QOF ARRAY P [SI )
PRINT 2 +(P({1)sI=1,sN)
2 FORMAT (10X +5110)
23 200 I = 1 ,.N
200 o(1) = 1
CALL SORT{(P,D+N)
PRINT 3
3 FURMAT('0"', 10X, "HANDLES CHOSEN ARE:')
PRINT 4 (D) I=1N)
4 FORMAT(®* *,10X,415)
CALL SORTPT(PTSET,OsM,N)
IF(IFL +EO0. 1) GO TO 44
PRINT S
s FORMAT ('0' 10X, '"SORTED POINYT SET IS:')
DD 300 I = 1.+M
300 PRINT 10, (PTSET(T1+J)sJ= 1N}
10 FORMAT (1 IX+* (" 413,*)") -
PRIINT 11
i1 FORPMAT(/// +20X+'FOLLOWING ARE GH CODES W.R.T+ABOVE HANDLES: ')
44 NI = N 4+ 1
DD 400 1 = 1,.,N1
CALL ENCODE(T+MyNyDs PTSET,NUM, IFL)
IFt 1 JLEel JOR, I +GE. N1) GO TO 400
NCODE(I-t,1) = NUM -
NCODE(I-1,2) = NUM
NCIODE(I-1.3) = NUM
400 CONT INUE
RZETURN
END
ccceeecccce
C
C EXHAUS(PTSET s MN,NCODE,IFL)II~- TD STORE THE MINIMUM NUMBFR OF GHI
C INCOIDED TUPLES FOR I=1e2s0eeN+l IN ARPRAY NCODE..ALL THE
C 20SSIB_E SET OF HANDLES ARE USED TO GENERATE GH CCDES €& THE
C ONE WITH MINIMUM NUMRER OF TUPLE IS TAKEN AS GCPTIMAL GH
C CODES,
C LLS?S
c (1) RCOMRI TO FIN ALL POSSIBLE SETYS OF HANDLES.
C (2) SIT2T: YO SORT THE POINTSET WeReTe CURRENT SET OF HANDLES
C (3) FNCODE: TO GENERATE GH ENCODED TUPLES.
C

20
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20 RETURN
10 DO 222 1

1eN
1)
NMAX(PTSETsORDEReJJe 1 ' NPTS,MIN,MAX)
= MIN
N) =
222 CONT INVE
DEN = DENSTY{CODE,sMM¢Ns+s1 +NPTS)
IF(DEN .GEe. THRESH) GOTO 444
NUM = 0O
RETURN
444 IF (FLG <EQ.
PRINT 21,
21 FORMAT( *0
N1 = N+1
N2 = N+N
PRINTY 22.(CODE(I),1
22 FORMAT (*4+' 430Xe 3%,
PRINT 23
23 FORMAT(*+',50X,%)"*)
666 NUM = 1
RETURN
END

1) GO T
(CODE(T)
'e10X, *(

cceececcce

MINMAX (PTSET sORDER¢JJs Je Je MINs, MAX) 2= FIND THE MINIMUN £ MAXIMUM
OF ELEMENTS OF COLUMN JJ +STORED IN PTSET,THEIR POINTERS ARE
STORED IN ARRKRAY ORDER STARTING FROM I TO J.

lalaXalala)

cceecceccececce
SUBRUGUT INE MINMAX(PTSET+s0ORDERsJJe TeJs MINy MAX)
INTEGER PTSET(110+6)+0RDER(110)
I1 = ORDER(I)

MIN = PTSET(11.JJ)
MAX = PTSET(TI«JJ)
20 100 K = TeJ
11 = ORDER(K)
IF(PTSET(II+JJ) «LTa MIN) MIN = PTSET(I11.,JJ)
IF( PTSET(11+JJ) «GTe MAX) MAX= PTSET(II4JJ)
100 CONTI NUE
RETURN
END
CCCCCccceacec
C
C DENSTY(CODE(MM,1,J):- COMPUTES THE DENSITY OF HYPERCUBE
@ GENERATED BY GHM ENCODED TUPLE STORED IN CODE wHICH INCLUDES
C PUINTS POINTED TO BY POINTERS IN ORDER STARTING FROM I 70O J.
C
ccceeecccecc
FUNCTION DENSTY(CODEsMMeNsIoJ)
INTEGER CODE(12)
NUMPTS = J-1 +1
voL = 1
M1 = MM + 1
DO 100 K = M} 4N
VOL = VOL*(CODE(K+N-MM)—CODE(K)+1)
100 CONT INUE
DENSTY = NUMPTS / VvOL
RETURN
END

21
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L =L + ITERM
1L = 11 ¢ 1
L1 = L - 1
IF (I1 .GT. L1) GO TO 20
DO S00 12 = It + L1}
TABLE(I2,COLY = TABLE(I1,COL)
500 CONTINUS
20 IF (I +GT.N1) GO TO 400
CALL FILL(TABLE.COLeN,II, L)
400 CONTINUE
300 CONTINUE
K = NUMXK
NUM = NUM - 1|

fOoL = COL + 1
IF (NUM GE.2) GO
RETURN
END
[dedddaddda
C

C FIL_(TABLE «COLeN,IJ,L¥C~
C ARRAY TABLE.

C
ccceeceeecec

YO to

TO STORE SOME ELEMENTS IN LTH ROW

SUBROUTINE FILL{TAPLESCOLINsIT L)
INTEGER TABLE(720.6)

INTEGER COL., COL!
COL1 = COL ¢+ 1

IX = TABLFEF(I1.COL?}
20 100 I = COL1N
100 TABLE(L+I=-1) = TABLE(II.I)

TABLE(L.NY) = IX
RETURN
END

22
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290
300

MAIN PROGRAM TO OPTIMIZE GH ENCODING FDOR A PCINTSET,
SUCH THAT EACH HYPERCUBE HAS DENSITY NO LESS THAN A GIVEN
THRESHOLD DENSITY.

PTSET: ARRAY CONTAINING POINTSET.
THRESH: THRESHOLD DENSITY.

M2

NJO.OF POINTS IN POINT SETe.

N2 DIMENSIONAL SPACE,

FLG? FLAG USED TO TURN OFF & ON PRINTING OF INTERMEDIATE
RESULTS.

CALLS :

(1

) éENPTS: TO GENERATE M POINTS IN N DIMENSIONAL SPACE ¢
STORE THEM IN ARRAY PTSET.

(2) OPTMUM: TO GENERATE OPTIMAL GH ENCODED TUPLES, AND

RETURNS THEIR NUMBER IN NCODE. IF FLG IS ON +PRINTS
THOSE GH ENCODED TUPLES AL SU. THERSH IS THE THRESHOLD
DENSITY SUCH THAT EACH HYPERCUBE HAS DENSITY NO LESS
THAN THRESH.

CCCCCCCCCC

INTEGER PTSET(110+6),TABLE(11)
INTEGER FLG

N = 3

FLG = 1

DJ 300 M = 10,
CALL GENPTS(PT N)
Du 420 ITH = 1 10
NOEN = TTH - 1

THRESH = NDEN/
IF (FLG .EQe 1) GO TO 10

PRINT 1

FURMAT (*1°*,10X, *INITIAIL POINT SET 1S:*)

DG 100 1 = 1M

PRINT 2 +(PTSET(IsJ)sJ=1,N)

CUNTINUE

FURMAT (20 s10X 40 ('4613,%)?)

PRINT 3

FURMAY (//7//+100(*%*%))

PRINT 4

FURMAT (/7 425X+ *"HEURISTIC APPROACH')

PRINT S

FURMAT (25X ' mr—m——m—m —mmm— —_—1)

CALL OPTMUM(PTSET My Ny THRESH«NCODE+FLG)

TABLE(ITH/10) = NCODE

PRINT 6&,N

FURMAT (///7 410X+ DIMENSION = *,15)

PRINT 7eM

FURMAT (10X +*NOe OF POINTS IN SET= *,15)

PRINT 8

FORMAT(*0* 410X, ' THRESHOLD *510X,.*¥ UF CODES GENERATED')
DU 200 1 = 1,11

ITH =1 * 10 - 10

PPINT 9, ITH,TABLE(I])
CUNTINUE
CUNT INVE

FURMAT (10X +110+10Xs1101)

23
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STLR
END
cceeeceeccec
C
C RANDOM(X): GENERATE A RANDCM HUMBER Xs O <= X <=1.0s WITH
C UNIFORM DISTRIGUTION
C
cceeeccececce
SUBKUUTINE RANDOMIX)
REAL X
INTEGFR A/19727/, MULT/25211/, EASE/32T76CE/
A = MOD(MULT*A.BASE)
X = FLOAT({A)/FLOAT(BASE)
RETURN
END
CCCLcecececce
C GENPTS(PTSET«MyN)I~ TU GENERATE TLEST DATA SET IN ARRAY
C PISET, WHICH COUNTAINS M NUMBEKS IN N DIMENSIUNAL
C SPACE.
C CALLS:
C (1) RANDUM: TC GET A RANDCM NUMBER.
C
cCcceeeeccec
SUBROUT INE GENPTES(PTSET s M.N)
INTEGER PTSET(110,6)
DO 100 U = 1s N
DO 1CO 1 = 1s M
CALL RANDUMIUY)
PTSET(I+J) = INT(9 * U) + 1
100 CONT INUE
RETURN
END
[dadddddde
C OPTMUM{PTSET ¢MyNy THRESH, NCUDEJFLG) s —
C TO GENERATE OPTIMAL GH ENCUDING FOR A OGIVEN ThHkESHOGLOD
C DENSITY, THRES3H: AND RETURNS ThE NUMEBEK CF SUCH TUPLES
C IN NCCDE .
C CALLS:-
C {1) PRCCES: 1O COMPUTE THE MEASURE GF PRICKITY P(1) FOR
C EACH CUOLUMN 1.,
C (2) SGPT. TU GET THE PROPER SET OF HANDLES COCRKESFPUNDING
C TG BEST VALUES OF THEIR PRIORITIES, P(1)a
C (3) SAORTPT: TO SORT POINTSET [N PTSET weReTo NEw SET GF
C HANDLES,
C (4) ENCOUDE: TU GENERATE GHM ENCLOED TUPLES WwlTH DENSITY
C NO LESS THAN THRESHULD DENSITY.
C
cceecececcc

SYLROUT INE OPTMUMIPTSET MyN»THRZESHSN

INTECER PISET(11046)+P(6),0(6),GRDER
INTECER FLG
NCONE = 0
pC 100 1 =

100 UWRDER( 1)

N
o]

110 1FL

24
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0(1) =1

IF (MM .GT. 1) GOTO BO
CALL ENCUDE(MM,N,PTSET,ORDERsOsNPTS,IFLeNUM,THRESH.FLG)
1F (NUM .EQ. 0) GOTO 70
NCODE = NUM
RETURN
MM = MM + 1
CALL PROCES(PTSET,ORDERsP+NPTS,N)
IF (FLG +.EQ. 1) GO TO 30
PRINT 1+(P(1)+1=1sN) .
FORMAT(//+,10X+'PRINTOUT OF P ARRAY ISi*s 615)
CALL SORT( P.s0OsN)
IF (FLG <EQa 1) GO T0O 40
PRINT 2 o (O(TI)eI=1,N)
FORMAT(//+10X+'ORDER OF VARIDUS HANLES IS:*, 615)
CALL SURTPT(PTSET+0+0ORDERWNPTS Ny M)
CALL ENCODE(MM.NsPTSET,ORDER«CsNPTSe IFL+NUMTHRESH,FLG)
NP = 0
00 200 I = 1sNPTS

IF(ORDER(I) .EQ. 0) GO TO 200

NP = NP + 1

ORDER(NP) = ORDER(I)

CONTINUE

NPTS = NP

NCODE = NCODE + NUM

IF (NPTS EQ. 1) GO TO 290

IF (NPTS JLE0) RETURN

IF (NUM LTel oANDs IFL <EQe 1) MM = MM + 1
IF (NUM «LTa 1 <AND. IFL EQs. 0) GO YO 20

GO TO 110

IF (FLG oEQe. 1) GO TO S0

PRINT S, MM

FORMAT (/7 +10X+*HANDLE LENGTH = *,15)

PRINY 6 +{(0C(1)el= 1,MM)
FORMAT (/ + 10X + 'HANDLES ARE :'4,615)

PRINT 7

FORMAT (/7 +13X+' CORRESPONDING GH CODES AREZ: ')
NCODE = NCODE + NPTS

IF (FLG +EQe 1) RETURN
D0 300 1 = 14NPTS

11 = ORDER(I)

DO 333 J=1s+N

JJ = 0(J)

P(J) = PTSET(I1.,JJ)

PRINT 8+ (P(K)K=]1,MM)

FORMAT (10X ¢? (' 46154 )*)

1IF (N-MM L,CQ.0) GO TO 300

NI = MM+1
PRINT 94(P({(K) ¢K=N
FORMAT( '+ ,42X,"';
PRINT 10 +{(P(K)sK
FORMAT( '+ ,65X,*;
PRINT 11
FORMAT("4* 85X,%)?)
CONT INUE
RETURN
END

[dedddaddds
C

PROCCS(PTSETsORDERWNPTSeN) 2=

25
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[aXala¥aYalala!

200
10C

CALLS:
(1) HPD

YANG, CHANG AND SINGH

R A GIVEN

) FOR EACH COLUMN 1 WHERE 1 esNe FO
T SET IN ARRAY PTSET CONTAL NPTS NO« OF PGINTS

1 1
N 1
N DIMENSIONAL SPACE.

R

=1
NIN

H TO COMPUTE P(1) FOR ONE PARTICULAR COLUMN 1.

cCcccecccce

SUSROUT INE PROCES(PTSET +sORDERP+NPTS,N)
INTEGER PTSET(110+6)s0RDER(110)+TEMPR(110)+P(6)
DO 100 I = 1N
DD 200 J = 1.NPTS
JJ = ORDER(J)
TEMPR(J) = PTSET(JJsI1)
CALL HPODER(I+TEMPR+NPTS,P)
CONT INVE
RETURN
END

[doadddddadas
C

C
C
C
C
C
C

10

20

30
a0

50

HPDDER( 1, TEMPR,M,P):— COMPUTES P(I) FOR A COLUMN VECTOR TEMPR

+1T USES HEAP STRUCTURE FOR THAT AND HENCE.,

CALLS:
(1) REHEAP: TU MAKE HEAP OF ELEMENTS OF COLUMN VECTOR TEMPR.

cceceececce

+TEMPRsM,P)
P(6)
+ PSUM, SUM

SU3ROUT INE HPODER(
INTEGER TEMPR(110)
INTEGER TEMPLELMEN
ML = M
L = M/72 + 1
L = L=-1
CALL REHEAP(L +M] + TEMPR))
IF (_ «GT. 1) GOTO 10O

1
»
T

TEMP = TEMPR(1)
TEMPR (1) = TEMPR(M1)
IF (ELMENT .EQ. TEMP)GO TO 30
IF(SUM «GTe 1) PSUM = PSUM + SUM *= SUM
CLMENT = TEMP
SUM = 1
L0 TO 490
SUM = SUM =+ 1|
Ml = M1 - 1
IF(M1 «G7. 0) GO TO SO
IF (SUM .GTe 1) PSUM = PSUM 4+ SUM %SUM
P(1) = PSUM
RET URN ¢
CALL REHEAP (14 M1,TEMPR)
GUT0 20
END

CCCccCccceLc

C
C

REHEAP(L 4M1+TCMPR) I~

STARTING FROM TEWPR(L) TO TEMPR(M1).

C
cccececccec

SUuROUTINE RPEHEAP({Ls Ml . TEMPR)
INTEGER TEMPR({110)
INTEGER FLAG o X

26

MAKES A HEAP OF THE ELEMENTS OF ARRAY TEMPR
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L

2*11
TEMPR(I1)
= 1

J «GTe M1) RETURN

GE. M1) GOTO 10O

R(JJ) «LTe TEMPR{JJI+1)) JJ =JJ+1
)

>0

NTNOXAC~O

TEMPR(JJ) )} GOTO 20
= TEMPR(JJ)

ot o o bt e T} 2
X~

Cemmammnr Cw
-

IF (JJ «LE. Ml eANDe FLAG <EQ. 1) GOTO 40

ENV

ccceeeccecc
C

C
C
C
C
C
C

10

20 -

100

SORT(PsDsN):— SORTS P ARRAY CONTAINING N ELEMENTS AND DURING

THIS SORT ALSO MOVES THE ELEMENTS OF ARRAY O IN THE SAME FASH-
ION SO THAT JNORDER YO CHOOSE A RHANDLE SET OF M LENGTH. WE CAN
CHUOSE FIRST M—1 HANDLES STORED IN FIRST M—1 POSITION GF O,

[dddddaaaa

SUDROUT INE SORT(P+0e«N)
INTEGER D(6),P(6)
INTEGER FLAG, TOP, TEMP, BOTTOM
FLAG = 1
BOTTOM = N
T0P = 1
IF(FLAG «NEe O <ANDs TOP «LTe. BOTTOM) GO TO 20
RZTURN
FLAG = 0
= BOTTOM -1
DD 100 I = 1,11
( 1) «GEe P(I41)) GO TO 100

1
I

Hoo VU
[ P TR
M
T4uX+-
V- -
~ ~

e L |

CUNTINUE

BUTTOM = BOTTOM -1
Gu TO 10

END

[ddddddddd s

[a¥aXalalalalakakakals]

SORTPT(PTSETs0+0RDER+M«N.M2):—= TO SORT POINT IN ARRAY PTSET

WeReT., NEVY HANDLE VECTUR IN O o ORDER CUNTAINTS POINTERS TO
POINTS IN PTSET WHICH HAVE NOT BEEN CELETED YET.M IS TrE
NUMSER OF SUCH POINTS WHILE THERE WERE M2 PCINTS IN THE
ORIGINAL POINY SETe N IS THE DIMENSION OF SPACE.

HEZEAPSORT IS USED HERE, THEREFORE:

CALLS:

(1) REHIP: TO MAKE HEAP.
(2) COMPAR: YO COMPARE ORDER OF TWO POUINTS.

21
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C
C
ccc

10

20

(3) EXCHANG:

ccceeec

YANG, CHANG AND SINGH

SUBRIJOUTINE SORTPT(PTSET+0,0RDERIMsN,M2)
INTEGER PTSET(110+6)+0(6)eORDER(110)

Ml = M

rr

= L-

= M1/72 + 1

1

CALL REHIP(L +M1sM2,NyC+PTSET,ORDER)
IF(L «GT.l1) GOTO 10
CALL EXCHAN(ORDER(1)+ORDER(M1)+N,PTSET)

H

M1

M1-1

CALL REHIP (1 +M1+M24N+OPTSET,ORDER)

IF(M1
RETURN
END

[daddaaads
C

C
C
C
C
C
ccc

40

10

100

cCC

[alaTalala!

REHIP(L M1 «M2 4Ny O+PTSET»0ORDER): -

OF THCSE POINTS

ccecccec

SUSRDUT INE REHIP

INTEGER
XNTEGER
1 L
J = 2%

b g K
nn

PTSET (11
FLAG +X

11

ORDERI(IT)

«GTe 1) GO TO 20

TO EXCHANG POSITION OF TWO PCINTS IN PTSET.

MAKES A HEAP STRUCTURE

IN PTSET WHOSE POINTER ARE IN ARRAY ORDER,
STARTING FROM ORDER(L) TO ORDER(M1).
M2 IS THE NUMBER OF POINTS IN ORIGINAL PCINTSET

O, PTSET RDER)
RDER(11

O«

sLL)Y = PTSET(T.LL)

IF{(JJ «GT«Ml) RETURN

IF(JJ «GE

M1) GO 70 10

CALL COMPAR(NRDER(JJ) s ORDER(JIJI+1 ) eNsO+PTSET, ICOMP)
IF (ICOMP 4L T.0)
CALL COMPAR(X+ORDER(JJ) +N4yO+PTSET 1 COMP)

IF (1COoMP

[y
-
vz

2%11
= ORDER(II

)
DO 200 LL = 1N
= p

PTSET(1I

'LL)

GO To 30

FLAG =
1IF (JJ
RETURN
EMND
cCcecececce

0
sLEe M1 JAND. FLAG .EQ.1) GO TO 4O

JJ

= Ji+1

TSET(XeLL)

COMPAR(I1+JeNsO+PTSETLICOMP) - COMPARES TwWO POINTS 1

HANDLE VECTUOR IN O,

AND RETURNS 1IN ICOMP:

1 IF ITH POINT > JTH PCINT.

v IF

ITH POINT

JTH PUINT.

28
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365.
366,
367.
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369.
370
371.
372.
373.
374.
375.
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C -1 IF ITH POINT < JUTH PGINT.

C

CCCCCCCCLC
SUSROUTINE COMPAR(1I +JeN+OPTSET,ICOMP)
INTEGER PTSET(11046),0(6)

100 111 = O(I1)
IF (PTSET(I1.111) «NEe PTSET(J,1I1)) GO TO 10
IF (IT «LTe N) GO TO S
ICOMP = O
RETURN
S IT1 = 1141
GO TO 100
10 IF(PTSET({I+1II1) oLTe PTSET(JLI11)) ICOMP = —1
IF (PYSET(I+III)eGT4PTSET(Js111)) I1COMP = |
RETURN
END
[ddddd Sl e
C
C EXCHAN(I +JeNyPTSET)I- SWITCHES THE POSITIONS OF TWO POINTS I € J
C IN ARRAY PTSET WHICH CONTAINS A POINT SET IN N DIMENSIONAL
C SPACE.
C .
cceeecccececce

SUJROUT INE EXCHAN(I+JsN+PTSET)
INTEGER PTSET(110,+6)
DO 100 II = 1,N

1)

ITEMP Toel
. PTSET(J.I11)
) ITEMP

100 CONTINUE

END
Ccccccccecce
C

C ENCODE(MIN,PTSET s ORDERsO«NP TS, IFL s NUM, THRESHFLG) := GENERATE

C GHM CGDES FOR A POINT SETY PTSET, CONTAINING NPTS POINTS IN

C N UIMENSIONAL SPACE. ONLY THOSE HYPERCUBES WHICH HAVE DESITY
C => THAN THRESHOLD DENSITY, THRESH, ARE INCLUDED IN OPTIMAL GH
C ENCODING., FOP A GINEM M, NUM CONTAINS THE NUMBER OF SUCH

C HYPERCUBE GENERATED WeReTe A GIVEN HANDLE VECTOR IN O,

C ORDER ‘ARRAY CONTAINS POINTERS TO POINTS IN PTSET WHICH ARE

C STILL 1IN POINTSET. FLG IS A FLAG USED TO TURN OFF & ON

C PRINTING OF OPTIMAt GH ENCODED TUPLES.

C CALLS:

c* (1) MINMAX: TO FIND THE MINIMUM £ MAXIMUM ELEMENTY IN A

C PARTICULAR COLUMN FOR SOME PONTS CONSIDERED TO BE IN
C : IN THE CURRENT HYPERCUBE.

C (2) DENSITY: TO COMPUTE THE DENSITY OF A GENERATED HYPERCUBE.
C
C

[ddddddadd
SUDRODUTY INE ENCODE(MyNsPTSET+ORDERO«NPTS,IFL sAUMs THRESHFLG)
INTEGER FLGFLAG
INTEGER PTSET({110+6).0(6)+CODE(12)+0RDER(110)
MM = M -]
IF (FLG «EQe 1) GO TO 70

PRINT 1
1 FORMAT (/7))
PRINT SM
S FORMAT (11X, *GH* 4 12,* CODES ARE:?)

29
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421,
422.
423,
424,
425.
426,
427,
428,
429,
430.
431.
432,

435,

YANG, CHANG AND SINGH

1sMM)

K = 24M1

ORDER(K)

ORDER(K-1)
200 J1 = 1 .MM
JJ = D(J1)

0
(
G =0

IF(PTSET(11+JJ) <EQ.

FLAG = 1
GO 7O 330
200 CONT INUE

PTSET(12.,JJ))

1=

» THANDLES ARE:',615)
GO TO 20
G

K «GTe NPTS) GO TO 40

330 IF (FLAG «EQ. 1) GD TO 40

J=J + 1
GO TO 1060
40 Il = ORDER(I)
DO 300 J1 = 1.MM
JJ = 0(J1)

CODEC(J1) = PTSET(II.09)

300 CONT INUFE

400 CODE(L+NN) = MAX
DEN = DENSTY(CODE sMMeNsI oJ
IF{DEN +GEL.THRESH) GO YO 111

IFL = 1
GO TO S5S

111 IF (I .EQ. J) GO TO 55%

N2 = L

N3 = L + NN

DO 333 1K = I+J
333 ORDER(IK) = ©

IF ( FLG «.EQe 1) GO T

PRINT 32.(CODE(1)+1
32 FORMAT('0*5, 10Xe'( '€

PRINT 33, (CODE(1),1=
33 FORMAT(*+°*,30Xe":'46

N22 = N2+1

PRINT 34, (CCDE(IL),I=
34 FORMAT (' 42 ,50X,':'s6

PRINT 35
35 FORMAT( *4 ' ,60Xs*)")
72 NUM = NUM + 1
5595 I = K

J = K
10C CONT INUE

30

GO TO 200
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481, cceeceecece
482, C
483, c
ana, SUBRIUTINE EXHAUS(PTSET ,M¢N.NCODE,IFL}
a8s, INTEGER DTSET(110461,0(6)s TABLE{72046) +NCODE(5, 3}
486, CALL PRCOMB({TABLE,N)
487. 1TERM = 1
ans, : DD 100 I = 1,.N
an9, 100 ITERPY = [TERM*]
490. DO 200 1 = 1.ITERM
491, DI 300 J= 14N
492, 300 D(J) = TABLE(I .0
493, 1F(IFL +EQs 1) GO TO 88
494, PRINT 1
495. 1 FIRMAT(//,11X,'HANDLES CHDSEN ARE:")
496, PRINT 24(0(J1,J=1 4N}
457, 2 FIRMAT('0*, 10X,415)
498. en CALL SORTPT(PTSETs0+M(N?
499, IF{IFL +EQ. 1) GO TO 89
500. PIINT 2
501, 3 FORMAT(//.11X,'FOLLOWING ARE GH CODES W,R.T. ABOVE °
502, s + "HANDLES:*)
S03. 89 NL = N 4 1
S04, 02 SN0 J = 1.N1
505, CALL ENCODE(JoMsN,O,ODTSET NUM, IFL )
505. 1F{J +LEs+! «ORe J +GE,N1) GO TO S00
S07. IF(NUM LT, NCODE(J=1+2)) NCODE(J~1,2) = NUM
508, IF(NUM «GTo NCODE(J=1+431) NCODE(J-1+3) = NUM
coagq, $00 CONT INUE
. IF({ IFL .EQ, 1) GO TO 200
Lale PRINT &
S12, a4 FORMAT(//,100(* "))
513. 200 CIONTINUE
S1a, RETURN
515, END
Si6a cceeceeccce
517,
S5t8, c PRCOMBITASLE,.NI: TO FIND ALL POSSIBLE SEY OF HANDLES, USING
519. C PERMUTATION COMBTYNATION.EACH ROW OF TABLE CONTAINS DK SET
520, c AAND_ES.N IS THE DIMENSION OF SPACE,
521. C CALLS: ,
522, c (11 FILL: TO STDRE PROPER COLUMN NUMBERES IN TABLE.
523, o
s2a, cceceecececce
525, SU3ROUT INE PRCOMB(TABLE.N)
526, INTEGER TARLE(720.6}
527. INTEGER COL
528, NUM = N
529. DY 100 I = 1,N
S30. 100 TABLE(141) = I,
531, K =
532, coL = 1
533, 10 L= 1
53a, ML = NUM -
535. TTERM = 1
536, PO 203 1 = 1,NI
S37. 200 ITZRM = [TERM =1
s28. DD 300 K1 = 1,.,K
539, DD 400 I = L,NUM
540. 11 =L

31
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